This experiment was conducted at the Research Farm of the Department of Genetics and Plant Breeding of Hajee Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh to develop biometrical methods based on some morphological traits for characterization of the selected wheat varieties. Among the selected wheat varieties BARI Gom 26 requires comparatively fewer days and BARI Gom 27 requires more days for 50% heading than other varieties. The BARI Gom 28, BARI Gom 29 and BARI Gom 30 are comparatively short (< 90 cm) whereas others are medium-sized (> 90 cm) plants. BARI Gom 27 has narrow flag leaf than others. BARI Gom 28 show short spike length while BARI Gom 22, BARI Gom 26 and BARI Gom 30 show nearly a similar length of the spike. The BARI Gom 25 is large-sized in length and breadth but the grain of BARI GOM 27 is comparatively small sized. BARI Gom 22, BARI Gom 23, BARI Gom 24, BARI Gom 25 and BARI Gom 26 are classified which have <7.5 mm length of the grain. The 1000 grain weight of BARI Gom 24 is more than other wheat varieties and comparatively less in BARI Gom 22 and BARI Gom 27. BARI Gom 24 can be identified with the height of >90 cm, breath of flag leaf is >1.2 cm, spike length is >10 cm and yield per plant is >20.196 g. Based on these variations, a classification and regression tree (CART) has been developed to identify the wheat variety easily and quickly.
INTRODUCTION
Wheat (Triticum aestivum L.) is known as "king of cereal" is one of the major cereal crops of the world ranking second both in acreage and production among the seed crops [1] . In Bangladesh, wheat is the second important cereal crop next to rice [2] which was grown in about 4,44,805 hectares of land producing 13,48,186 metric tons grain with an average yield of 3.031 metric tons hectare -1 in 2015-2016 [3] . Farmers grow it mainly as a cash crop here.
Bangladesh Wheat and Maize Research Institute (BWMRI) has released 34 wheat varieties up to now. Among the released varieties BARI Gom 22 (Shatabdi), BARI Gom 23 (Sufi), BARI Gom 24 (Prodip), BARI Gom 25 (Bijoy), BARI Gom 26 (Hasi), BARI Gom 27 (Tista), BARI Gom 28 (Francoline), BARI Gom 29 (Ug 99 resistant variety), BARI Gom 30 are popular for cultivation. The farmers get the seed (40-50%) of these varieties from BADC, DAE, Seed Dealers, NGOs, etc. The farmers homegrown wheat seeds had low yielding ability compared to the seeds provided by BADC/Research organizations (increase on average 23.5% of wheat yields, respectively compared to homegrown seed) [4] . Most of the stakeholders in Bangladesh cannot identify the desirable variety easily and quickly. When they produce seed, they mix the seed of different varieties and fail to maintain the quality of seed. As a result, the production and quality of wheat are decreasing day by day. Moreover, many officers of the BADC, DAE, and NGOs cannot recognize the seed of wheat varieties properly.
They sell one variety of seeds with the name of another variety. As a result, the farmers sometimes do not get their desired cultivar's seed and are deceived by using those seeds. Since variety identification and characterization are the first steps of any crop introduction, improvement program and parameters for the suitability of a specific region and specific purpose, rapid identification, and characterization of varieties would, therefore, provide valuable information for their introduction and genetic improvement. Moreover, the correct identification of wheat variety is also important in research where a specific variety may be chosen as a parent for a crossing program. For this, a biometrical method that is rapid, easy and inexpensive would be useful for the agriculturist, seed dealers, and the farmers, in maintaining the required quality of the wheat varieties.
For morphological characterization of wheat varieties by biometrical method DUS test and CART analysis is very helpful. But the measurement of morphological traits by the DUS test is comparatively expensive, requiring more space, time-consuming [5] and in some cases, it is difficult to identify the varieties easily. On the other hand, CART analysis is very simple to understand and interpret, able to handle both numerical and categorical data, requires little data preparation, possible to validate a model using statistical tests and mirrors human decision making more closely than other approaches and can identify the cultivars easily.
Keeping this point in mind a study was conducted to identify the different varieties of wheat easily and quickly and to study the variability among the wheat variety.
MATERIALS AND METHODS
The experiment was conducted at the research field of Hajee Mohammad Danesh Science & Technology University (HSTU), Dinajpur during the period of November 15, 2016, to March 30, 2017. For the construction of decision tree, nine cultivars (BARI Gom 22, BARI Gom 23, BARI Gom 24, BARI Gom 25, BARI Gom 26, BARI Gom 27, BARI Gom 28, BARI Gom 29 and BARI Gom 30) of wheat were grown at a different plot. Plants were selected randomly from each plot. For the development of biometrical methods of identification in wheat different characters was observed like 50% germination days, 50% heading days, plant height, number of tiller, internodes distance, flag leaf angle, length and breadth of flag leaf, awn length, number of spikelet per spike, maturity day, length and breadth of grain, yield per plant, 1000 grain weight etc. For statistical analysis R software 3.3.4 (R Core Team, 2017) and construction of random decision tree Classification and regression-tree (CART) analysis was used.
RESULTS

Mean Performance of Different Wheat Variety on the Studied Traits
Variation with respect of days to 50% germination was observed among the selected wheat varieties. Further, days to 50% germination of genotypes ranged from 6-8 days was found in BARI Gom 27 and then followed by BARI Gom 28 and BARI Gom 24. The lowest number of tillers plant -1 was found in BARI Gom 29. The BARI Gom 23 is comparatively tall variety and BARI Gom 29 and BARI Gom 30 are comparatively dwarf variety while the rest varieties are semi-dwarf. The range of the variation in plant height was 86.8 to 101.7 cm. The highest internode distance was found in BARI Gom 27 (23.4) while the lowest one in BARI Gom 29 (16.75). The longest awn found in BARI Gom 24 (9.575 cm) and shortest awn found in BARI Gom 22 (7.3 cm) (Table 1) .
Long spike was found in BARI Gom 24 (13.55 cm) followed by BARI Gom OM 29, BARI Gom 25, BARI Gom 23, BARI Gom 27, BARI Gom 26 while short spike was found in BARI Gom 28 (9.975). A wide range of variation was found among the genotypes about the number of spikelet spike -1 . It ranged from 16.55 to 20.80 (Table 1 ). The BARI Gom 24 produces the highest number of spikelet spike -1 (20.8) ranges from 21-25 followed by BARI Gom 25 and BARI Gom 29. The BARI Gom 28 produces the lowest number of spikelet spike -1 (16.55 
CART (Classification and Regression Tree) Analysis
The classification tree produced by CART analysis used five morphological variables to distinguish selected wheat varieties in Fig. 1 . The variables are plant height, breadth of flag leaf, spike length, yield per plant and length of grain and the mean variation of these characters is given in Table 2 .
In node1 varieties are classified based on plant height. All the varieties which are equal or shorter than 90 cm are identified by CART analysis in node 2. Here, BARI Gom 28, BARI Gom 29 and BARI Gom 30 are classified. Among these, BARI Gom 29 is the shortest variety and BARI Gom 30 moderately shorter than BARI Gom 28 according to Table 2 . The variety longer than 90 cm is classified in node 3 
Fig. 1. Classification tree produced by CART analysis of selected wheat varieties
based on the breadth of the flag leaf. Here the varieties which are less than 1.2 cm are classified in node 4 and which are equal or more than are 1.2 cm are identified in node 5. The node 4 shows BARI Gom 27 has narrow flag leaf than others. The varieties in which breadth of flag leaf less than 1.2 mm is further classified in node 5 based on spike length. The varieties equal or shorter than 10 cm spike length are shown in node 6. It represents that BARI Gom 28 show short spike length while BARI Gom 22, BARI Gom 26 and BARI Gom 30 show the nearly the same length of the spike. In node 7 the varieties that are more than 10 cm are classified based on yield plant -1
. Node 8 represents the varieties <20.196 g yield plant -1 which further classified based on length of grain in node 8. In node 9 BARI Gom 22, BARI Gom 23, BARI Gom 24, BARI Gom 25 and BARI Gom 26 are classified which have <7.5 mm length of the grain. And in node 10 BARI Gom 23, BARI Gom 25 and BARI Gom 26 are classified. Similarly, in node 7 the variety more than 10 cm is classified based on yield plant -1 . Node 8 represents the variety < 20.196 g yield plant -1 which further classified based on length of grain in node 8. In node 9 BARI Gom 22, BARI Gom 23, BARI Gom 24, BARI Gom 25 and BARI Gom 26 are classified which have <7.5 mm length of the grain. And in node 10 BARI Gom 23, BARI Gom 25 and BARI Gom 26 are classified. Finally, in node 11 BARI Gom 24 can be identified which height is >90 cm, the breath of flag leaf is > 1.2 cm, spike length is>10 cm and yield plant -1 is >20.196 g.
DISCUSSION
Morphological traits often influence the estimation of genetic variation and relatedness. Agronomical important traits of a species are valuable in cultivation for the breeder's selection of promising plant material because morphological traits are used mainly for the identification of genotypes and variety [6] .
Bode et al. [7] planted a total of 100 wheat accessions under field conditions and studied their agro-morphological characters (14 quantitative traits) such as plant height, spike length, 100 kernel weight, days to maturity were recorded. A wide variation among the traits of 100 wheat accessions was found. Similarly, Fikre et al. [8] tested sixty-four bread wheat genotypes to estimate the extent of genetic variability and the genotypes showed significant variation for all the traits studied except for biomass yield ha -1 and relatively wide range of the mean values for most of the characters indicated the existence of variations among the tested genotypes.
Sabaghnia et al. [9] reported that variation of traits is a primary need of any plant breeding effort that involves the natural evolution and causes sustainable crop production under different environments. Kumar et al. [10] Also showed a considerable amount of variation among genotypes for each character like 1000 seed weight, plant height and number of effective tillers per plant, spike length and 1000 seed weight in thirty wheat genotypes. Mundiyara [11] Reported significant differences among the all characters viz., days to 50 per cent flowering, days to maturity, plant height, number of spikelet spike [14] realized range 71 to 79 cm for plant height in different bread wheat genotypes. Fufa et al. [15] Found high variation for all morphological traits, especially spike length. Zečević [16] also observed genetic and phenotypic variability of the spike length in ten winter wheat variety Nazem and & Arzani [17] found variation in many morphological trait-like plant height, spike length, flag leaf width, etc. Pawar et al. [18] Reported wider genetic variation for traits in wheat-like plant height, length of the spike, number of spikelets spike -1 , grains panicle -1 , 1000 grain weight, and grain yield. Priya et al. [19] also reported that a wide range of variation was observed for fifteen characters viz. days to heading, days to flowering, plant height, number of tillers plant -1 , spike length, number of spikelets spike -1 , number of grains spike -1 weight of grains spike -1 , flag leaf area, 1000 grain weight, grain yield plant -1 etc.
CONCLUSION
Among the cultivars BARI Gom 23 was tall, nearly followed by BARI Gom 22, BARI Gom 24 and BARI Gom 25, others were medium-sized and BARI Gom 28, BARI Gom 29 and BARI Gom 30 are comparatively short (<90 cm). Spike characteristics like spike length, spike weight, no. of spikelet spike -1 , number of grains spike -1 , seed weight spike -1 showed considerable variance among the wheat variety. The BARI Gom 28 showed short spike length while BARI GOM 22, BARI Gom 26 and BARI Gom 30 showed nearly the same length of the spike. Flag leaf characters like flag leaf angle, length of flag leaf and breadth of flag leaf also showed variance among the variety. The longest flag leaf was found in BARI Gom 26 followed by BARI Gom 25 and BARI Gom 22. The smallest flag leaf was found in BARI Gom 30 followed by BARI Gom 27. BARI Gom 27 has narrow flag leaf than others.
Moreover, variation was present in the grain size. The variety BARI Gom 25 is large-sized in length and breadth but the grain of BARI Gom 27 is comparatively small sized. BARI GOM 22, BARI Gom 23, BARI Gom 24, BARI Gom 25 and BARI Gom 26 are classified which have <7.5 mm length of the grain. The 1000 grain weight of BARI Gom 24 is more than other cultivars and comparatively less in BARI Gom 22 and BARI Gom 27. BARI Gom 24 can be identified which height is >90 cm, the breath of flag leaf is >1.2 cm, spike length is>10 cm and yield per plant is >20.196 g.
